Intra-axonal recordings of cutaneous primary afferents during fictive locomotion in the cat.
1. Cutaneous primary afferents were recorded intracellularly during fictive locomotion in decorticated cats with the goal of improving our understanding of how locomotor networks might centrally control the transmission in cutaneous pathways at a presynaptic level. 2. Identified cutaneous axons from superficialis peroneal nerve (SP) or tibialis posterior nerve (TP) were recorded intracellularly together with the electroneurograms (ENGs) of representative flexor and extensor muscle nerves of the hindlimb as well as dorsal root potential from L6 or L7 (DRP). Fictive locomotion occurred spontaneously after decortication (n = 12) or was induced by stimulation of the mesencephalic locomotor region (MLR) (n = 6). 3. The results revealed that all cutaneous axons (82 units with resting potential greater than 45 mV) showed fluctuations of their membrane potential (greater than or equal to 0.5 mV) at the rhythm of the fictive locomotion. The characteristics of fluctuation patterns, common to all cutaneous units, consisted of two depolarization waves per cycle: one related to the flexor activity, the other related to the extensor activity. The flexor-related depolarization was followed by a sharp trough of membrane repolarization. The extensor-related depolarization usually overlapped partly with the flexor-depolarization of the following cycle. The relative size of each depolarization could vary among different afferents of the same nerve in the same animal. Hence, maximal depolarization could occur in different parts of the locomotor cycle, but, for the majority of units (82%), it occurred during the flexor activity. These results were similar for SP and TP units. 4. Twenty percent of the units were discharging with a constant or irregular frequency. Phasic antidromic discharges related to locomotor ENGs were rarely encountered (5/82 units). 5. Linear regression analysis of the temporal relationships between fluctuations of membrane potential of cutaneous axons and locomotor bursts over several cycles showed that the timing of presynaptic events in cutaneous afferents is related to the events of the locomotor output. However, the same type of analysis showed that the amplitude of axonal depolarizations and the amplitude of flexor and extensor locomotor bursts could vary independently. Tight temporal relationships were also found between the depolarizations recorded in cutaneous units and the fluctuations recorded at the dorsal root level (DRP). 6. Based on the assumption that the locomotor fluctuations of cutaneous membrane potential are mediated through the primary afferent depolarization (PAD) pathways associated with presynaptic inhibition, it is proposed that the central pattern generator for locomotion (CPG) could phasically control the efficacy of transmission of cutaneous pathways at a presynaptic level as part of the locomotor program.